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Brief description of project: 
 
In this proposed research project, we aim to evaluate and compare the performance of 
different operational setups for highly responsive urban logistics services based on a number 
of economic, social, and environmental metrics. Specifically, we aim to assess the impact of 
increasing levels of flexibility in the physical design of urban last-mile transportation systems 
that are enabled by technological advances in the realm of Industry 4.0 and that are becoming 
increasingly relevant in light of rapidly rising customer expectations in the context of e-
commerce and on-demand consumerism. The main focus of our analysis will lie on the 
implications of varying levels of flexibility of companies to dynamically activate, de-active, and 
physically re-locate local distribution operations (so-called satellite operations) within a city. 
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Combining state-of-the-art exact and approximate methods of mathematical optimization with 
large-scale simulations of last-mile transportation activities and their impact on urban traffic 
flows, we aim to provide a set of analytically rigorous, scalable, and easily transferrable 
methods and tools to guide private- and public-sector decision and policy making and to derive 
generalizable policy recommendations to effectively mitigate the negative externalities of 
increasingly complex and fragmented last-mile transportation and logistics operations in 
growing and increasingly dense urban centers. 
 
 
 
Describe implementation of research over the past 6 months: 
 
Based on open-source technology, such as the Python scripting environment and 
corresponding Python libraries, such as SimPy, we have established a simulation-based 
optimization framework to design and evaluate flexible urban distribution systems. Specifically, 
we can feed our models with specific demand and traffic scenarios, as well as specific 
parameter settings with respect to the economic and operational characteristics of the 
elements of the distribution system (facility cost, capacities; vehicle speeds, cost, capacities; 
mobile depot freight parking availability, cost; etc.) to determine an optimal system design, 
consisting of fixed distribution facilities on multiple levels (distribution center, stores), as well 
as flexible and mobile fulfillment point (mobile depots). Using our model implementation, we 
can then execute large-scale, vehicle-level simulations of how effectively and efficiently 
randomly materializing demand can be served by this system.  
 
 
Describe impacts/benefits of implementation over the past 6 months: 
 
The simulation-based optimization environment we have established enables us to evaluate 
the traffic impact of various types of urban last-mile fulfillment operations, as well as their 
expected impact on pollutant emission levels. Further, we can run extensive sensitivities, on 
how the model parameters affect the optimal design and performance of the system, and how 
targeted policy interventions may lead to more or less desirable design and performance 
outcomes. 
 
We began testing our model implementation and analysis approach on a case study in 
Manhattan, NY. The case study leverages publicly available open data sources such as 
OpenStreetMaps (OSM), Google Maps API, and others. Further, the demand cases we are 
analyzing are inspired by a real-world dataset for highly responsive (2-hour) delivery requests 
by a major global sports and fashion retailer in New York City. Using our tools, we are hoping 
to reliably assess the social, environmental, and commercial impacts of such delivery services 
on a dense urban environment like Manhattan. We further hope to provide insights into how a 
city like New York could use targeted urban freight policy interventions to encourage favorable 
private sector decisions on how to design and operate logistics systems that cater for the 
growing demand of such services in a sustainable way. 
 


